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(54) Method for driving a gas-discharge panel 

(57) When performing the line-sequential address- 
ing for setting the state of each of the cells arranged in 
rows and columns that constitute a display screen, dis- 
charge is generated that has intensity in accordance 



with display data corresponding to each of all cells be- 
longing to the selected now for each selection of the row. 
Thus, the priming effect in the following discharge is 
generated. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Tlie present invention relates to a method for 
driving a gas-discharge panel such as a plasma display 
panel (PDP) or a plasma addressed liquid crystal 
(PALC), and a display device using the gas-discharge 
panel. 

[0002] A plasma display panel is coming into wide use 
as a large screen display device for a television set tak- 
ing advantage of commercialization of color display. 
Along with the expansion of the market, requirement for 
reliability of operation has become more rigorous. 

Description of the prior art 

[0003] As a color display device, an AC type plasma 
display panel having three-electrode surface discharg- 
ing structure is commercialized. This device has a pair 
of main electrodes for sustaining discharge disposed for 
each row of matrix display, and an address electrode for 
each column. Diaphragms for suppressing discharge in- 
terference between cells are disposed like a stripe. A 
discharge space is continuous over the entire length of 
each column. This AC type plasma display panel utilizes 
a memory function performed by wall charge on a die- 
lectric layer covering the main electrodes on occasion 
of displaying. Namely, one pair of main electrodes is as- 
signed to a scanning electrode and the address elec- 
trode is assigned to a data electrode for addressing by 
a line-sequential format for controlling the charging state 
of each cell corresponding to the display contents. After 
that, a sustaining voltage (Vs) having alternating polar- 
ities is applied to all pairs of the main electrodes simul- 
taneously. Thus, a cell voltage (Vc) that is a sum of the 
wall voltage (Vw) and the applied voltage can exceeds 
a discharge starting voltage (Vf) only in a cell having a 
wall discharge above a predetermined quantity, so that 
the surface discharge occurs along the surface of the 
substrate for each application of the sustaining voltage. 
By shortening the period of applying the sustaining volt- 
age, continuous displaying state can be observed. 
[0004] Concerning a display of sequential images like 
a television, the addressing and the sustaining are re- 
peated. In general, in order to prevent fluctuations of the 
display, preparation of addressing is performed for mak- 
ing the charged state uniform over the entire screen, af- 
ter sustaining of an image and before addressing of the 
next image. 

[0005] In the conventional addressing, the charged 
quantity of the wall charge (wall voltage) Is altered by 
generating the addressing discharge In either the cell to 
be lighted or the cell not to be lighted. In the writing ad- 
dress format, the wall charge remaining in the display 
screen is erased as preparation for addressing, and the 



addressing discharge is generated only in the cell to be 
lighted, so that an adequate quantity of wall charge Is 
generated in the cell. In the erasing address format, an 
adequate quantity of wall charge is generated in all cells 
s as preparation of addressing, and then the addressing 
discharge is generated only in the cell not to be lighted, 
so that the wall charge in the relevant cell is erased. 

SUMMARY OF THE INVENTION 

10 

[0006] In the above-mentioned line-sequential ad- 
dressing, the charge that contributes to the priming ef- 
fect helping the addressing discharge occur easily is a 
space charge remaining after generated by the dis- 
15 charge for the preparation of addressing and a space 
charge generated by addressing discharge In the cell In 
the upstream side of the row selection (scanning). How- 
ever, if the cell in the upstream side is not required to 
generate the addressing discharge (like a cell not to be 
lighted in the write addressing format), only the space 
charge remaining after generated at the stage of the 
preparation for addressing can contribute to the priming 
effect since the addressing discharge is not generated 
in the upstream side. Since the space charge decreases 
along with time passing, the remaining quantity of the 
space charge will be smaller, as the addressing is com- 
ing to an end, so that delay of discharging becomes larg- 
er. For this reason, in a cell of a row that is selected at 
relatively late timing, there was a case where the ad- 
dressing discharge cannot occur within the row selec- 
tion period (scanning period for one row) defined by a 
scan pulse width, resulting in a display defect. An ex- 
ample of the display defect is a "black noise" in which a 
part or a whole of the upper edge of a belt cannot be 
lighted, when the belt is displayed in the lower portion 
of the screen that is scanned vertically. Especially, in the 
structure in which the discharge space is defined by a 
diaphragm having a stripe pattern for each column, 
movement of the space charge generating the priming 
effect can occur only in each column, resulting in a dis- 
play defect. 

[0007] A method for improving the above-mentioned 
problem is proposed in Japanese Unexamined Patent 
Publication 9-6280(A), in which a priming discharge for 
forming the space charge is generated in the row to be 
selected before applying the scanning pulse that selects 
the row. The priming discharge Is generated in all cells 
of the row regardless of the display contents, so that the 
addressing discharge almost surely occurs. 
[0008] However, in the conventional driving method, 
since a priming pulse for generating the priming dis- 
charge Is applied to the next row to be selected at the 
same time as application of the scanning pulse to the 
selected row, it is difficult to optimize the pulse width and 
the peak value, so that the control becomes complicat- 
ed. In addition, since the pulse width should be set to a 
little larger for ensuring generation of the priming dis- 
charge, the priming pulse should be applied for each 
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row, and the time necessary for the addressing be- 
comes longer. If the timing for applying the pulse Is shift- 
ed between rows, the row selection period becomes a 
sum of the priming pulse width and the scanning pulse 
width, so that the time necessary for the addressing be- 
comes even longer. 

[0009] The object of the present invention Is to im- 
prove the reliability of the addressing while suppressing 
enlargement of the time necessary for the addressing. 
[0010] In the present invention, while addressing for 
controlling the state of the cell In accordance with the 
state setting data such as display data, It is not selected 
whether the addressing discharge exists or not, but the 
quantity of addressing discharge (movement of the elec- 
tric charge). Namely, a voltage sufficient for generating 
addressing discharge above the minimum value regard- 
less of the display contents is applied to all of the cells 
to be addressed. The intensity of the electric discharge 
depends on the applied voltage. 
[0011] For example, when the line-sequential ad- 
dressing is adopted, the space charge that contributes 
to the priming effect in the row that will be selected next 
Is generated in ail of the cells included in the selected 
row. Therefore, the addressing discharge can be cer- 
tainly generated for any display pattern by performing 
the row selection In the order that makes the distance 
between the nth selected row and the (n+1)th selected 
row within a predetermined range so that the space 
charge generated by the addressing discharge be- 
comes effective. If the scanning pulse width is shortened 
in accordance with increase of the probability of the ad- 
dressing discharge, the display can be speed up. 
[001 2] The wall voltage can be varied by the address- 
ing discharge in the addressing of the gas-discharge 
panel in which each cell is charged by the wall charge. 
Therefore, the wall voltage (the target value) before 
change is set so that the wall voltage after change be- 
comes the desired value. 

[0013] Figs. 1A and IB show the change in the wall 
voltage in the addressing of the AC type plasma display 
panel to which the present invention is applied. 
[0014] The variation of the wall voltage can be adjust- 
ed by setting the intensity of the discharge. However 
the vahation of the electrode potential will vary either in 
the direction from a high level to a low level or the op- 
posite direction. Therefore, the combination of lighting 
or not lighting and the intensity of the discharge includes 
two patterns as described below. 
[0015] In the case of writing address format, the wall 
voltage Vw between main electrodes is set to a value 
Vwl within a non-lighting range in which the sustaining 
discharge cannot be generated as a preprocess of the 
addressing process. The non-lighting range means a 
range in which the cell voltage does not exceeds the 
discharge starting voltage even If the sustaining voltage 
having the same polarity with the wall voltage Vw is ap- 
plied. The lower limit of the non-lighting range is the 
threshold value Vth2 having the negative polarity and 
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the upper limit of the non-lighting range is the threshold 
value VthI having the positive polarity. In the addressing 
process, a strong addressing discharge is generated for 
the selected cell (the cell to be lightened), and the wall 

s voltage Vw is changed to a value in the lighting range 
in which the sustaining discharge can be generated in 
the polarity opposite to the previous polarity. In the non- 
selected cell (the cell not to be lightened), a weak ad- 
dressing discharge is generated for the priming. In this 

10 case, the wall voltage Vw is changed from the value Vwl 
into a lower value (zero In the figure). 
[001 6] In the case of erasing address format, the wall 
voltage Vw between main electrodes is set to a value 
Vw2 within a lighting range in which the sustaining dis- 

15 charge can be generated as a preprocess of the ad- 
dressing process. In the addressing process, a strong 
addressing discharge is generated for the non-selected 
cell, and the wall voltage Vw is changed from the value 
Vw2 into a value in the non-lighting range (zero-in the 

20 figure). In the selected cell, a weak addressing dis- 
charge is generated forthe priming. In this case, the wall 
voltage Vw is changed from the value Vw2 into a value 
Vw2' in the lighting-range. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Figs. 1A and 1B show variations of the wall 
voltage in the addressing of the AC type plasma display 
panel to which the present Invention is applied. 

30 [001 8] Fig. 2 is a schematic drawing of a plasma dis- 
play device in accordance with the present invention. 
[001 9] Fig. 3 is a perspective view showing the inner 
structure of the plasma display panel. 
[0020] Fig. 4 is a diagram showing a structure of the 

3S field. 

[0021] Fig. 5 shows voitage waveforms in a first ex- 
ample of the drive sequence. 

[0022] Fig. 6 shows voltage waveforms in a second 
example of the drive sequence. 
40 [0023] Fig. 7 shows voltage waveforms in a third ex- 
ample of the drive sequence. 

[0024] Fig. 8 shows voltage waveforms in a fourth ex- 
ample of the drive sequence. 

[0025] Fig. 9 is a schematic diagram of the main elec- 
45 trode arrangement in accordance with a second embod- 
iment. 

[0026] Fig. 10 shows voltage waveforms in a fifth ex- 
ample of the drive sequence. 

[0027] Fig. 1 1 shows voltage waveforms in a sixth ex- 
so ample of the drive sequence. 

[0028] Fig. 12 shows voltage waveforms of the ad- 
dressing preparation period. 

DESCRIPTION OF THE PREFERRED 
SS EMBODIMENTS 

[0029] Fig. 2 is a schematic drawing of a plasma dis- 
play device 100 in accordance with the present inven- 
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tion. 

[0030] The plasma display device 1 00 includes an AC 
type plasma display panel 1 that is of a thin-type and 
matrix-type color display device and a driving unit 80 for 
selectively lighting a plurality of cells C that make up a 
screen ES having m columns and n rows. The plasma 
display device 1 00 is used for a wall-hung television set 
or a monitor of a computer set. 
[0031] The plasma display panel 1 has main elec- 
trodes X, Y that makes up electrodes pairs and are ar- 
ranged In parallel for generating sustaining discharge 
(or also called display discharge). The main electrodes 
X, Y and address electrodes A cross each other in each 
cell C so as to form the three-electrode plane discharge 
structure. The main electrodes X, Y extend in the row 
direction (the horizontal direction) of the screen ES, and 
the main electrode Y is used for a scanning electrode 
that selects cells C row by row in addressing. The ad- 
dress electrodes A extend in the column direction (the 
vertical direction), and are used for a data electrode that 
select cells C row by row. The area where the group of 
the main electrodes and the group of the address elec- 
trodes in the substrates surface becomes the display ar- 
ea (i.e., the screen ES). 

[0032] The driving unit 80 includes a controller 81 , a 
data processing circuit 83, a power source circuit 84, an 
X-driver 85, a scan driver 86, a Y-common driver 87, and 
an address driver 89. The driving unit 80 is disposed at 
the rear side of the plasma display panel 1 . Each driver 
and the electrodes of the plasma display panel 1 are 
connected electrically by a flexible cable (not shown). 
The driving unit 80 is provided with field data DF indi- 
cating intensity levels (gradation level) of colors R, G 
and B of each pixel from an external equipment such as 
a TV tuner or a computer, as well as various synchro- 
nizing signals. 

[0033] The field data DF are temporarily stored in a 
frame memory 830 in the data processing circuit 83, and 
then are converted into subfield data Dsf. The subfield 
data Dsf are stored in the frame memory 830 and trans- 
ferred to the address driver 89 at proper time. The value 
of each bit of the subfield data Dsf is information indi- 
cating whether the cell is required to be lightened or not 
in the subfield for realizing the gradation mentioned be- 
low. More specif ically, it is information indicating wheth- 
er the addressing discharge is strong or weak. 
[0034] The X-driver 85 applies the driving voltage to 
all of the main electrodes X simultaneously The electric 
commonality of the main electrodes X can be realized 
not only by the illustrated linkage on the panel in Fig. 2 
but by wiring inside the X-driver 85 or by wiring of the 
connection cable. The scan driver 86 applies the driving 
voltage to the main electrode Y of the selected row in 
addressing. The Y-common driver 87 applies the driving 
voltage to all of the main electrodes Y simultaneously in 
sustaining. In addition, the address driver 89 applies the 
driving voltage to the total m of address electrodes A in 
accordance with the subfield data Dsf for generating the 



first or second intensity of addressing discharge. These 
drivers are supplied with a predetermined electric power 
by the power source circuit 84 via wiring conductors (not 
shown). 

5 [0035] Fig. 3 is a perspective view showing the inner 
structure of the plasma display panel 1 . 
[0036] In the plasma display panel 1 , a pair of main 
electrodes X, Y is arranged for each row on the inner 
side of a glass substrate 11 that is a base material of the 

10 front side substrate structure. The row is an array of cells 
in the horizontal direction in the screen. Each of the main 
electrodes X, Y includes a transparent conductive film 
41 and a metal film (a bus conductor) 42, and is coated 
with a dielectric layer 1 7 that is made of low melting point 

15 glass and has thickness of approximately 30 microns. 
The surface of the dielectric layer 17 is provided with a 
protection film 1 8 made of magnesia (MgO) having thick- 
ness of approximately several thousands angstroms. 
The address electrodes A are arranged on the inner sur- 

20 face of a glass substrate 21 that is a base material of 
the rear side substrate structure, and is coated with a 
dielectric layer 24 having thickness of approximately 10 
microns. A diaphragm 29 having linear band shape of 
150 micron height is disposed between the address 

25 electrodes A on the dielectric layer 24. Discharge spac- 
es 30 are defined by these diaphragms 29 in the row 
direction for each subpixel (small lighting area), and the 
gap size of the discharge spaces 30 is defined. Three 
fluorescent layers 28R, 28G , 28B for red, green and blue 

30 colors are disposed so as to cover the inner wall of the 
rear side including the upper portion of the address elec- 
trode A and the side wall of the diaphragm 29. The dis- 
charge space 30 is filled with a discharge gas contain ing 
neon as the main ingredient and xenon. The fluorescent 

35 layers 28R, 28G, 28B are locally pumped to emit light 
by ultraviolet light emitted by the xenon gas on dis- 
charge. A pixel includes three subpixels aligned in the 
rowdirection. A structure in each subpixel is the cell (dis- 
play element) C. Since the arrangement pattern of the 

40 diaphragm 29 is a stripe pattern, each part of the dis- 
charge space 30 corresponding to each column is con- 
tinuous in the column direction over all rows. 
[0037] A method for driving the plasma display panel 
1 in the plasma display device 100 will be explained as 

45 follows. First, reproduction of the gradation will be ex- 
plained generally, and then driving sequence that is 
unique to the present invention will be explained In de- 
tail. 

[0038] Fig. 4 shows a structure of the field. 

so [0039] The gradation is reproduced by controlling 
lighting with binary data in displaying a television image. 
Therefore, each field f of the sequential input image is 
divided into, for example, eight subf rames sf 1 , sf2, sf 3, 
sf4, sf5, sf6, sf7 and sf8 (the numerical subscripts rep- 

55 resent display order). In other words, each field f that 
makes up the frame is replaced with eight subframes 
sfl-sf8. Each frame is divided into eight when reproduc- 
ing a non-interlace image such as an output of a com- 
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puter. Weights are assigned so that the relative ratio of 
the intensity In these subfields sfl-sf8 becomes approx- 
imately 1:2:4:8:16:32:64:128 for setting the number of 
sustaining discharge. Since 256 steps of intensity can 
be set by combination of light/non-light of each subfield s 
for each color, R, G, B, the number of color that can be 
displayed becomes 256^. It is not necessary to display 
subfields sf 1 -sfB in the order of the weight of intensity. 
For example, optimizing can be performed in such a way 
that the subfield sfB having a large weight Is disposed io 
at the middle of the field period Tf. 
[0040] The subfield period Tstj that is assigned to each 
subfield sfj (j = 1 -8) includes a preparation period TR for 
adjusting charge by the ramp voltage, an address period 
TA for forming a charge distribution corresponding to a ^5 
display contents and a sustain period TS for sustaining 
the lightened state so as to ensure the intensity corre- 
sponding to the gradation level. In each subfield period 
Tsfj, lengths of the preparation period TR and the ad- 
dress period TA are constant regardless of the weight 
of the intensity, while the larger the weight of the inten- 
sity, the longer the length of the sustain period TS be- 
comes. Namely, the eight subfield periods Tsfj corre- 
sponding to one field f are different from each other. 
[0041] Fig. 5 is a diagram of voltage waveforms show- 
ing a first example of the drive sequence. In this figure, 
main electrodes X, Y are denoted with a suffix (1,2, —n) 
representing the arrangement order of the correspond- 
ing row, and the address electrodes A are denoted with 
a suffix (1 -m) representing the arrangement order of the 
corresponding column. Other figures explained below 
will be in the same way. 

[0042] The drive sequence that is repeated in every 
subfield is generally explained as follows. 
[0043] In the preparation period TR, all of address 
electrodes Al-Am are supplied with the pulse Pral and 
the opposite polarity pulse Pra2 in sequence, all of the 
main electrodes XI -Xn are supplied with the pulse Prxl 
and the opposite polarity pulse Prx2 in sequence, and 
all of the main electrodes Yl-Yn are supplied with the 
pulse Pryl and the opposite polarity pulse Pry2 in se- 
quence. The pulse application means to bias the elec- 
trode temporarily to a different potential from the refer- 
ence potential (e.g., the grand level). In this example, 
pulses Pra1, Pra2, Prxl, Prx2, Pryl and Pry2 are ramp 
voltage pulses having a rate of change that generates 
minute discharge. The pulses Pra1 , Prxl have the neg- 
ative polarity while the pulse Pryl has the positive po- 
larity Application of the pulses Pra2, Prx2 and Pry2 hav- 
ing ramp waveforms enable the wall voltage to be ad- 
justed into the value corresponding to the subtract of the 
discharge starting voltage and the pulse amplitude. The 
pulses Pral, Prxl and Pryl are applied so that the * 
former lightened cell" that was lightened in the former 
subfield and the "former non-lightened cell" that was not 
lightened in the former subfield generate appropriate 
wall voltage. 

[0044] In the address period TA, the scanning pulse 



Py Is applied to the main electrodes Yl-Yn in the ar- 
rangement order. At the same time with this row selec- 
tion, an address pulse Pa having the polarity opposite 
to the scanning pulse Py and the peak value corre- 
sponding to the subfield data Dsf of the selected row is 
applied to the address electrodes Al-Am. Namely, 
strong discharge is generated in the selected cell, while 
weak discharge is generated in the non-selected cell. 
When the scanning pulse Py and the address pulse Pa 
are applied, discharge occurs between the address 
electrode A and the main electrode Y, which becomes 
a trigger for generating discharge between the main 
electrodes X and Y These sequential discharges, i.e., 
the addressing discharge, are related to a discharge 
starting voltage Vf^y between the address electrode A 
and main electrode Y (hereinafter, referred to as an elec- 
trode gap AY) and a discharge starting voltage Vfxy be- 
tween the main electrodes X, Y (hereinafter, referred to 
as an electrode gap XY). Therefore, in the above-men- 
tioned preparation period TR, adjustment of the wall 
voltage is performed for both the electrode gap XY and 
the electrode gap AY. The wall voltage between the elec- 
trode gaps AY may be a value such that the discharge 
cannot occur before applying the scanning pulse Py to 
the main electrode Y. 

[0046] In the sustain period TS, a sustain pulse Ps 
having a predetermined polarity (plus polarity in the il- 
lustrated example) is applied to all of the main elec- 
trodes Yl-Yn at first. Then, the sustain pulse Ps Is ap- 
plied to the main electrodes XI -Xn and the main elec- 
trodes Yl-Yn alternately. In this example, the final sus- 
tain pulse Ps is applied to the main electrodes XI -Xn, 
When the sustain pulse Ps is applied, a surface dis- 
charge will occur in the cell that is lighted this time and 
has remaining wall charge in the address period TA. 
Every time when the surface discharge occurs, the po- 
larity of the wall voltage between electrodes changes. 
All of the address electrodes Al-Am are biased to the 
same polarity as the sustain pulse Ps In order to prevent 
unnecessary discharge in the sustain period TS. 
[0046] The wall voltage of the electrode gap XY at the 
end of the preparation period TR is represented by Vw1 
(X side is positive), while the minimum value of the wall 
voltage of the electrode gap XY when the cell is lighted 
in the sustain period TS is represented by Vj|_j (absolute 
value without polarity). In the plasma display panel 1 , the 
main electrodes X, Y are arranged symmetrically with re- 
spect to the surface discharge gap. Therefore, the 
threshold levels Vthi, Vth2 shown in Figs. 1A and IB 
have relationship such that Vthi = Vjh and Vth2 = - V-th. 
Concerning the selected cell, the strong addressing dis- 
charge makes the wall voltage of the electrode gap XY 
change from Vwl to -Vjh or below. Concerning the non- 
selected cell, a weak addressing discharge makes the 
wall voltage of the electrode gap XY changes to a value 
higher than -Vjh and lower than Vjh (preferably zero or 
a value nearly equal to zero). 

[0047] In order to control the addressing discharge, 
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wall voltage is preferably adjusted in the preparation 
process as explained in Japanese Patent Application 
No. 10-157107. Usage of tine ramp wave in the prepa- 
ration process makes the adjustment of the wall voltage 
easy. When plural minute discharges occur continuous- 
ly or continuous discharges occur by applying the ramp 
wave voltage, the sum of the applied voltage and the 
wall voltage during discharge is maintained at the value 
almost equal to the discharge starting voltage. There- 
fore, subtract of the discharge starting voltage and the 
peak voltage (pulse amplitude) of the ramp wave be- 
comes the wall voltage after the ramp wave is applied. 
Compared with a rectangular wave, the ramp wave has 
less quantity of light emission. It is also advantageous 
in reducing the background intensity. 
[0048] The voltage waveform used for the preparation 
process is not limited to a ramp wave. Only the require- 
ment is that the voltage between the electrodes increas- 
es simply from the first set value tothe second set value, 
while plural minute discharges can occur continuously 
or continuous discharges can occur. For example, the 
ramp waveform can be replaced with an obtuse wave- 
form or a step-like waveform shown in Fig. 12. Alterna- 
tively, the voltage waveform may be a combination of 
plural waveforms selected from the ramp waveform, the 
obtuse waveform and the step -like waveform. 
[0049] An example of the applied voltages is ex- 
plained as follows. The discharge starting voltage of the 
electrode gap XY is 220 volts, the discharge starting 
voltage of the electrode gap AY is 1 70 volts. Hereinafter, 
concerning the polarity of the applied voltage and the 
wall voltage, the X side is regarded as positive in the 
electrode gap XY, while the A side is regarded as posi- 
tive in the electrode gap AY. 

[0050] In the preparation period TR, the widths of the 
pulses Pral , Prxl and Pryl is 70jLis, the rate of potential 
change of the electrode gap XY is -4.2V/|lis and the final 
voltage thereof is -300V, the ratio of voltage change of 
the electrode gap AY is -2.8V/|j.s and the final voltage 
thereof is -200V. The wall voltage at the end of the pulse 
application is 80V for the electrode gap XY and 30V for 
the electrode gap AY, The widths of the pulses Pra2, 
Prx2 and Pry2 are 25|is, the rate of potential change of 
the electrode gap XY is 6.8V/|is and the final voltage is 
170 V 

[0051] The rate of potential change of the electrode 
gap AY is 6.8V/|LiS and the final voltage is 1 70V. The wall 
voltage at the end of the pulse application is 50V for the 

electrode gap XY and OV for the electrode gap AY. 
[0052] In the address period TA, the address elec- 
trode potential of the strong addressing discharge is 
80V, the address electrode potential of the weak ad- 
dressing discharge is OV, and the potential of the main 
electrode X is 80V. The potential of the main electrode 
Y when the scanning pulse is applied is -1 40V, while the 
potential of the main electrode Y when the scanning 
pulse is not applied is OV. The wall voltage of the elec- 
trode gap XY at the end of the strong addressing dis- 



charge is -120V, while the wall voltage of the electrode 
gap XY at the end of the weak addressing discharge is 
OV. 

[0053] In the sustain period TS, the amplitude of the 
5 sustain pulse Ps is 170V, and the address electrode po- 
tential is 85V. In this case, the minimum value of the wall 
voltage for generating the sustaining discharge is 70V. 
[0054] In the conventional technique, addressing of a 
row needs 3|lls. However, in this example, since the ad- 
10 dressing discharge in the upstream side of row selection 
contributes to the priming in the downstream, the ad- 
dress pulse Pa having the pulse width of 1|lis enables 
stable addressing. 

[0055] Fig. 6 is a diagram of the voltage waveform 
IS showing a second example of the drive sequence. This 

example is an erasing address format, in which the 

strong discharge occurs in the non-selected cell. 

[0056] In the preparation period TR, the pulse having 

the ramp waveform is applied in the same way as the 
^0 example shown in Fig. 5, so that the wall voltage of the 

electrode gap XY Is controlled to the target value of the 

preparation process. 

[0057] In the address period TR, a weak addressing 
discharge is generated in the selected cell when apply- 

25 ing the scanning pulse. The Intensity of discharge is set 
to the value such that the wall voltage of the electrode 
gap XY after addressing discharge remains within the 
lighting range, in the non-selected cell, a strong ad- 
dressing discharge is generated when applying the 

30 scanning pulse, so that the wall voltage of the electrode 
gap XY is changed to a value within the non-lighting 
range. The intensity of the discharge when applying the 
scanning pulse is controlled by the potential of the ad- 
dress electrode in the same way as the example shown 

35 in Fig. 5. 

[0058] The wall voltage of the electrode gap XY at the 
end of the preparation period is set to Vw2 (X side is 
positive), and the minimum value of the wall voltage of 
the electrode gap XY for the cell to be lightened in the 

40 sustain period TS is set to V-^h (absolute value). For the 
selected cell, the wall voltage of the electrode gap XY 
is changed by the weak addressing discharge in the 
range from Vw2 to Vth or more. For the non-selected 
cell, the wall voltage of the electrode gap XY is changed 

45 by the strong addressing discharge to a value higher 
than -VjH and lower than Vjh (preferably zero or a value 
nearly equal to zero). 

[0059] An example of the applied voltages is ex- 
plained as follows. The discharge starting voltage of the 

50 electrode gap XY is 220 volts, the discharge starting 
voltage of the electrode gap AY is 1 70 volts. Hereinafter, 
concerning the polarity of the applied voltage and the 
wall voltage, the X side is regarded as positive in the 
electrode gap XY, while the A side is regarded as posi- 

55 tive in the electrode gap AY. 

[0060] In the preparation period TR, the widths of the 
pulses Pral, Prxl and Pryl are 70fiS, the rate of potential 
change of the electrode gap XY Is -6.0V/p5 and the final 
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voltage thereof is -420V, the ratio of voltage change of 
the electrode gap AY is -3.6V/ns and the final voltage 
thereof is -250V. The wall voltage at the end of the pulse 
application is 170V for the electrode gap XY and 80V 
for the electrode gap AY. The widths of the pulses Pra2, 
Prx2 and Pry2 are 25|lis, the rate of potential change of 
the electrode gap XY is 2.0V/|is and the final voltage is 
50V The rate of potential change of the electrode gap 
AY is 5.2V/]as and the final voltage is 1 30V The wail volt- 
age at the end of the preparation period is 170V for the 
electrode gap XY and 40V for the electrode gap AY. 
[0061] In the address period TA, the address elec- 
trode potential of the strong addressing discharge is 
40V, the address electrode potential of the weak ad- 
dressing discharge is OV, and the potential of the main 
electrode X is OV The potential of the main electrode Y 
when the scanning pulse Is applied is -100V, while the 
potential of the main electrode Y when the scanning 
pulse is not applied is OV. The wall voltage of the elec- 
trode gap XY at the end of the weak addressing dis- 
charge Is 120V, while the wall voltage of the electrode 
gap XY at the end of the strong addressing discharge is 
OV 

[0062] In the sustain period TS, the amplitude of the 
sustain pulse Ps is 170V, and the address electrode po- 
tential is 85V. In this case, the minimum value of the wall 
voltage for generating the sustaining discharge is 70V 
[0063] In this example too, since the addressing dis- 
charge at the upstream side of the row selection con- 
tributes to the priming in the downstream, the address 
pulse Pa having the pulse width of 1)is enables stable 
addressing. 

[0064] Fig. 7 is a diagram of the voltage waveform 
showing a third example of the drive sequence. 
[0065] In the addressing, the row selection is not re- 
quired to perform in the arrangement order. Namely, it 
is only required that the space charge supplied by the 
addressing discharge in a certain row is within a dis- 
tance range that can contribute to the priming effect for 
the later addressing discharge. In Fig. 7, even rows and 
odd rows are selected alternately, and the each group 
of even or odd rows is scanned by the arrangement or- 
der from the upper to the lower. When switching from 
the odd row to the even row, the row selection is per- 
formed by skipping two rows. Sufficient priming effect 
was obtained by the row selection with skipping two 
rows in the 25 inches and SXGA screen. 
[0066] Fig. 8 is a diagram of the voltage waveform 
showing a fourth example of the drive sequence. 
[0067] The rows constituting the screen are divided 
into the group of odd rows and the group of even rows. 
The preparation periods TR1 , TR2 and the address pe- 
riods TA1 , TA2 are assigned to each group. The sustain 
period TS Is common to both groups. 
[0068] Dividing the address process into two, the po- 
tential of the main electrode X of the selected row can 
be different from the potential of the main electrode X of 
the non-selected row that is adjacent to the selected 



row, so that the propagation of the space charge gener- 
ated by the addressing discharge along the row direc- 
tion is controlled. 

[0069] The second preparation period TR2 is provid- 

5 ed for the following purposes. One purpose is to readjust 
the potential of the even rows since the state of the wall 
charge of the even rows is disturbed a little by the ad- 
dressing discharge of the odd rows (the first address 
process). Another purpose is to supply the priming par- 

10 tide to the addressing discharge of the head of the even 
row (the second address process). 
[0070] In the preparation period TR2, only the charg- 
es of the even rows are controlled without disturbing the 
state of the wall charge of the odd rows. For this reason, 

15 the pulse applied to the even rows In the preparation 
period TR2 is the same as the first preparation period 
TR1, while the pulse applied to the main electrodes X, 
Y of the odd rows in the preparation period TR2 is the 
same as the pulses Pral aRd-Pra2 applied to the address 

20 electrodes A1 -Am. Thus, the applied voltage of the elec- 
trode gap AY and the electrode gap XY within the cell 
of the odd rows in the preparation period TR2 becomes 
zero, so that the state of the wall charge cannot be dis- 
turbed. 

25 [0071] Fig. 9 is a schematic drawing of the main elec- 
trode arrangement of a second embodiment. Fig. 10 
shows voltage waveforms of a fifth example of the drive 
sequence. 

[0072] In the above-mentioned first to fourth exam- 

30 pies, supply ofthe priming particle to the first addressing 
discharge in the subfield is performed by the discharge 
in the preparation process. In order to ensure the supply 
of the priming particle, it is more effective to generate 
the priming discharge after the preparation process and 

35 before starting the addressing. For example, the outside 
of the screen ES in the row direction is provided with an 
auxiliary main electrode (an electrode for priming) that 
is similar to the main electrodes X, Y so as to generate 
priming discharge by the auxiliary main electrode. In the 

40 example shown In Fig. 9, the auxiliary main electrodes 
DY1 , DX1 are disposed at the outside of the main elec- 
trodes Y1 , X1 of the first row, and the auxiliary main elec- 
trodes DY2, DX2 are disposed at the outside of the main 
electrodes Yn, Xn of the final row. As shown in Fig. 10, 

45 the pulse Pp is applied to the auxiliary main electrode 
DY1 so as to generate the priming, then the scanning is 
started from the main electrode Y1 that is closest to the 
auxiliary main electrode DY1 in the screen. Though the 
peak value of the pulse Pp is the same as the scanning 

50 pulse Py, the pulse width is set longer than the scanning 
pulse P so as to increase the discharge probability. The 
arrangement of the pair of auxiliary main electrodes 
makes the pairs of main electrodes at the first and final 
rows adjacent to the main electrodes at both sides in the 

55 same way as the other pair of main electrodes. There- 
fore, the discharge condition is uniformed and the dis- 
play quality is increased. 

[0073] Fig. 11 is a diagram of the voltage waveform 
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showing a sixth exampie of the drive sequence. 
[0074] In the above-mentioned fourth example, the 
second preparation period TR2 is provided. However 
the second preparation period TR2 can be eliminated 
when the disturbance of the charge state of the even 
rows by the address process of the odd rows is suffi- 
ciently small. It is preferable that in order to supply the 
priming particle to the first addressing discharge of the 
latter half of the address process, the pair of auxiliary 
main electrodes may be used so as to generate the 
priming discharge before the latter half of the address 
process. The priming discharge can be generated just 
before the address process of the odd row. 
[0075] When the addressing Is performed independ- 
ently for the odd rows and for even rows as explained 
in the fourth and sixth examples, the main electrodes X 
of the odd rows can be common and controlled by the 
first driver, while the main electrodes X of the even rows 
can be common and controlled by the second driver 
[0076] In the above-mentioned embodiments, the tar- 
get to be driven is the plasma display panel 1 having 
structure in which the main electrodes X, Y and the ad- 
dress electrode A are covered with the dielectric mate- 
rial. However, the present invention can be also applied 
to the structure in which either electrode making up a 
pair is covered with the dielectric material. For example, 
even in the structure that has no dielectric material for 
covering the address electrode A, or the structure in 
which one of the main electrodes X, Y is exposed to the 
discharge space 30, the sufficient wall voltage can be 
generated in the electrode gaps XY, AY. The polarity, the 
value, the application time and the rate of rising change 
of the applied voltage are not limited to the examples. 
The the present invention can be applied not only to dis- 
play devices including the plasma display panel, PALC, 
but also to gas-discharge devices having other structure 
without utilizing the memory function by the wall charge. 
The gas-discharge is not necessarily required to be for 
display. 

Claims 

1 . A method for driving a gas-discharge panel in which 
line-sequential addressing is performed for setting 
the state of cells arranged in rows and columns, the 
method comprising the step of generating dis- 
charge having intensity in accordance with the state 
setting data corresponding to each of all cells be- 
longing to the selected row for each selection of the 
row in addressing, 

2. A method for driving a gas-discharge panel in which 
line-sequential addressing is performed for setting 
the state of cells arranged in rows and columns so 
as to constitute a display screen, the method com- 
prising the step of generating discharge having in- 
tensity in accordance with the state setting data cor- 



responding to each of all cells belonging to the se- 
lected row for each selection of the row in address- 
ing. 

5 3. A method for driving a gas-discharge panel having 
a display screen made of cells arranged in rows and 
columns, scanning electrode for selecting a row and 
data electrode for selecting a column being crossed 
in each cell, one of the scanning electrode and the 

10 data electrode being covered with a dielectric layer 
for generating wall voltage, discharge space being 
continuous over the entire length of each row, the 
method comprising the steps of: 

^5 performing line-sequential addressing for con- 

trolling the wall voltage of all cells of the screen 
in accordance with binary display data and sus- 
taining tor applying an alternating voltage to all 
cells, repeatedly; and 

20 generating discharge having a first or a second 

intensity in accordance with the display data 
corresponding to each of all cells belonging to 
the selected row for each selection of the row 
as the addressing. 

25 

4. The method according to claim 3, further compris- 
ing the steps of applying a preparation pulse to all 
cells of the selected row before performing the ad- 
dressing so as to perform the addressing prepara- 

30 tion for setting the wall voltage of each cell to a pre- 
determined level, generating discharge having a 
first intensity for the cell to be lightened in the ad- 
dressing so as to make the level of the wail voltage 
set in the addressing preparation increase to a suf- 

55 ficient level to regenerate discharge in the following 
light sustaining operation, and generating dis- 
charge having a second intensity for the cell not to 
be lightened in the addressing so as to make the 
level of the wall voltage set in the addressing prep- 

40 aration decrease to a level such that discharge can- 
not restart in the following sustaining operation. 

5. The method according to claim 3, further compris- 
ing the steps of applying a preparation pulse to all 

45 cells of the selected row before performing the ad- 
dressing so as to perform the addressing prepara- 
tion for setting the wall voltage of each cell to a pre- 
determined level, generating discharge having a 
first intensity for the cell to be lightened in the ad- 

so dressing so as to make the level of the wall voltage 
set in the addressing preparation maintain a suffi- 
cient level to regenerate discharge in the following 
light sustaining operation, and generating dis- 
charge having a second intensity for the cell not to 

55 be lightened in the addressing so as to make the 
level of the wall voltage set in the addressing prep- 
aration decrease to a level such that discharge can- 
not restart in the following sustaining operation. 
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6. The method according to claim 3, further compris- 
ing the step of biasing each of the data electrodes 
to a first potential or a second potential in accord- 
ance with the display data of one row synchronizing 
with the row selection by the independent potential 
control toward the scanning electrode. 

7. The method according to claim 4, further compris- 
ing the step of biasing each of the data electrodes 
to a first potential or a second potential in accord- 
ance with the display data of one row synchronizing 
with the row selection by the independent potential 
control toward the scanning electrode. 

8. The method according to claim 5, further compris- 
ing the step of biasing each of the data electrodes 
to a first potential or a second potential in accord- 
ance with the display data of one row synchronizing 
with the row selection by the independent potential 
control toward the scanning electrode. 

9. The method according to claim 3, wherein the dis- 
charge is generated one time in all cells belonging 
to the selected row in the addressing in each row 
selection. 

10. The method according to claim 3, wherein the row 
selection is performed in the order such that in the 
second row selection and after the second row se- 
lection the discharge in the former row selection be- 
come effective as the priming discharge. 

11. The method according to claim 3, further compris- 
ing the steps of dividing the rows of the screen into 
a group of odd rows and a group of even rows, ad- 
dressing each group by time sharing, and applying 
a voltage to all cells belonging to the latter group 
between the addressing of the former group and the 
addressing of the latter group, so as to generate the 
priming discharge. 

12. The method according to claim 3, further compris- 
ing the steps of disposing one or more auxiliary 
electrode that is similar to the scanning electrode at 
the outside of the screen in the row direction, and 
applying a voltage to the auxiliary electrode in the 
addressing for generating the priming discharge be- 
fore the first row selection. 

13. The method according to claim 12, further compris- 
ing the steps of dividing the rows of the screen into 
a group of odd rows and a group of even rows, ad- 
dressing each group by time sharing, and applying 
a voltage to the auxiliary electrode close to the row 
that is selected first in the latter group between the 
addressing of the former group and the addressing 
of the latter group, so as to generate the priming 
discharge. 



14. A display device comprising: 

a gas-discharge panel having a display screen 
including cells arranged in rows and columns, 

5 and a structure In which a scanning electrode 

for selecting a row and a data electrode for se- 
lecting a column cross each other in each cell, 
at least one of the scanning electrode and data 
electrode are covered with a dielectric layer for 

10 generating the wall voltage, and the discharge 

space is continuous over the entire length of 
each row; 

a drive circuit for performing the line-sequential 
addressing to control the wall voltage of all cells 

IS of the display screen in accordance with the bi- 

nary display data, and sustaining tor applying 
the alternating voltage to all cells; wherein the 
drive circuit generates discharge having a first 
intensity or a second intensity in accordance 

20 with the display data corresponding to each of 

all cells belonging to the selected row for each 
selection of the row as the addressing. 

15. The display device according to claim 14, further 
25 comprising a drive circuit that applies a voltage to 

an electrode gap of cells generating discharge in 
the addressing, in the addressing preparation, the 
voltage increasing simply from a first set value to a 
second set value, the drive circuit adjusting the wall 
30 voltage of the electrode gap by generating plural 
discharges or a continuous discharge in the rising 
period of the voltage as the addressing preparation. 

16. The method according to claim 4, further compris- 
es ing the step of applying a voltage to an electrode 

gap of cells generating discharge in the addressing, 
in the addressing preparation, the voltage increas- 
ing simply from a first set value to a second set val- 
ue, so as to adjust the wall voltage of the electrode 
40 gap by generating plu ral discharges or a continuous 
discharge in the rising period of the voltage. 

17. The method according to claim 5, further compris- 
ing the step of applying a voltage to an electrode 

45 gap of cells generating discharge in the addressing, 
in the addressing preparation, the voltage increas- 
ing simply from a first set value to a second set val- 
ue, so as to adjust the wall voltage of the electrode 
gap by generating plural discharges or a continuous 

50 discharge in the rising period of the voltage. 

1 8. A method for driving a gas-discharge panel in which 
line-sequential addressing is performed for setting 
the state of cells arranged in rows and columns, the 

ss method comprising the step of generating dis- 
charge having intensity in accordance with the state 
setting data corresponding to the cell selected in 
each cell selection in the addressing. 
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1 9. A method for driving a gas-discliarge panel in wliicli 
a plurality of discharge cells having memory func- 
tion by wall charge are arranged in matrix, the meth- 
od comprising: 

5 

address preparation step for applying a prede- 
termined preparation pulse to all of the dis- 
charge cells arranged in matrix, simultaneous- 
ly, so as to set a wall charge of each discharge 
cell to a predetermined level; io 
address step for make all of the discharge cells 
forming the wall charge perform line-sequential 
addressing discharge; 

display step for applying commonly a predeter- 
mined sustain pulse to all of the discharge cells 
arranged in matrix, so as to make the ad- 
dressed discharge cell perfonn sustain dis- 
charge; and 

the address step including applying a voltage 
for discharge having a level sufficient to store 20 
sufficient wall discharge for restarting the dis- 
charge in the following display step to dis- 
charge cells to be addressed, so as to generate 
a discharge of a first intensity, while making the 
discharge cells not to be addressed generate a 2$ 
discharge of a second intensity that lowers a 
level of the wall charge set in the address prep- 
aration step to the level that disables the restart 
of the discharge In the following display step. 
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